Au L 3 x-ray-absorption near-edge spectra were measured with synchrotron radiation on a series of Au-X compounds, with XϭGa, In, Ge, and Sn. The white-line feature of the spectra, as a rough measure of charge transfer upon compound formation, was related to the local composition around the Au atoms. This enabled us to estimate the local Au environment, in cases where its knowledge is missing.
Chemical bonding in intermetallic compounds of transition metals (T) with less electronegative elements (X) in the same d row or in groups III-IV-V of the periodic table has stimulated intense theoretical and experimental work. A valence-electron charge-transfer mechanism, initially proposed by Pauling for CuAl 2 , 1 was subsequently developed 2 to explain the chemical interaction between the metallic components. It emphasizes a non-d-character charge being transferred onto the T atoms, as an effect of their higher electronegativity, compensated by a back transfer of d charge off T, preserving its charge neutrality. Such a mechanism is equivalent to T-X hybridization, 3 
with antibonding T(d)-X(sp) states upshifted above the Fermi level (E F ), corresponding to the T(d) and X(sp) states ''emptied'' by the d-non-d charge transfer.
Spectroscopic techniques like x-ray-absorption, x-ray emission, and photoemission were used to probe the electronic structure on both sides of E F and give an experimental evidence of the bonding effects. 4 A large series of T 1Ϫx X x (TϭAu,Pt,Ir,Re,Ag,Pd;
XϭAl,Ga,In,Si,Ge,Sn͒ compounds 4 -8 was approached by x-ray-absorption near-edge spectroscopy ͑XANES͒ at T L 2 and L 3 edges, to gain information about the density of d states above E F . The white line ͑WL͒ of the spectra, in a range of a few eV above the edge, corresponds to photoelectron transitions from the T 2 p states to unoccupied d and s states above E F , allowed by the transition rules. A general WL enhancement upon compound formation was found, which was associated with additional ͑bonding-induced͒ holes on the T d orbitals, in a charge-transfer picture, or with antibonding T(d)-X(sp) states above E F , as an effect of the T-X hybridization. Using the WL enhancement as a rough measure of the hybridization degree, Jeon et al. 6, 7 established a general bond strengthening with increasing electronegativity difference between T and X, as well as with increasing concentration x of the less electronegative component.
Other, more subtle factors were also suggested. X ligands of a smaller atomic radius, more closely surrounding T, would favor a stronger hybridization and WL enhancement. 6 The binding energy of the T d orbitals could also be of influence.
The d charge transfer in Au-Ga and Au-Sn crystalline and molten alloys was recently derived by means of WL area increase 9 and corroborated by x-ray photoemission spectroscopy ͑XPS͒ measurements of binding energies of the Au 5d states 10 as a function of the concentration x. Charge transfer and binding energy were found to increase with x, with the Au 5d states becoming more corelike by a lower core screening. A decrease of the number of empty Au d states was noticed in molten alloys. 9 However, the nearest-neighbor T-X coordination in the specific structures was most often neglected in these studies, although Jeon et al. 6 admitted that its consideration would improve the WL interpretation. Moreover, theoretical calculations 3 of the charge transfer in Au alloys have assumed a systematic change with composition while preserving the structure unchanged, but also with varying the structure for a specified composition. In the latter case, the transfer on each site generally increases with the fraction of unlike atoms in its nearest-neighboring ͑NN͒ shell.
This suggests that it is the NN-shell composition, rather than the overall stoichiometry, which mainly influences the bonding strength via charge-transfer or hybridization effects. Such an assumption is quite reasonable, taking into account the contributors to the T-X hybrid states, mainly restrained within the nearest surrounding of each species. It is the aim of this work to show that the WL area, as an effect of hybridization, is more meaningfully related to the local composition (T 1Ϫy X y ) around T, than to the overall one (T 1Ϫx X x ). In alloys with atoms randomly distributed over the specific sites of the structure one can expect a same local composition as the overall one. However, this is not gener-ally true for chemically ordered compounds. An example is that of CaF 2 -like AuX 2 compounds (XϭAu,Ga,In͒, with Au surrounded by eight X nearest neighbors, which means a concentration of 100 at. % X in the Au NN shell, instead of an overall X concentration of 66 at. %.
The Au L 3 edge was investigated for a series of Au-X crystalline alloys (XϭGa,In,Ge,Sn͒ and WL discussed with respect to the composition of the local Au environment. Au alloys were preferred due to the almost filled 5d band of elemental Au ͓with 5d-hole count n h р0.3 ͑Ref. 11͔͒. This essentially annihilates the WL feature in the spectra of elemental Au, at both L 2 and L 3 edges, and makes the WL enhancement upon compound formation easier to be detected, even in cases of faint hybridization effects.
Crystalline alloys Au 1Ϫx In x (xϭ0.20, 0.30, 0.50, and 0.66͒ and Au 1Ϫx Sn x (xϭ0.25 and 0.50͒ were prepared by melt casting. In the Au-Ge system, metastable ␥-Au 59 Ge 41 ͑Ref. 12͒ was prepared by a melt-spin quenching procedure, as follows. 99.99% pure elements were mixed in correct proportions and melted by induction heating in a fused quartz crucible. The melt was propelled through a 0.8 mm aperture onto a copper wheel, rotating at 1700 rpm. The quenched alloy was in ribbon form, 1.0 to 1.5 mm wide and 20-25 m thick. Au 1Ϫx Ga x alloys with xϭ0.50 and 0.66 were also investigated. Their preparation was described elsewhere. 9 The proper crystal structure of the compounds investigated as well as the absence of impurities, above a few percent concentration, were verified by x-ray powder diffraction.
The measurements were made in transmission mode, using the 2 GeV synchrotron radiation source at Daresbury, station 9.2. Samples, in the form of 10 m granulation powder, were pressed onto a planar substrate of low x-ray absorption. Special care was taken to be certain that the samples were free from pinholes. Figure 1 illustrates the Au L 3 XANES range for the Au-In alloys investigated. The edge, defined as the inflection point of the absorption step, was E 0 ϭ11921Ϯ1 eV for all the alloys, the same as that found for a reference Au foil. A conspicuous WL is present on each of the alloy spectra, a few eV above E 0 , similar to that found for the Ga, Ge, and Sn alloys. This is in contrast with the vanishing WL in the spectrum of elemental Au. The bonding-induced WL enhancement was estimated from the increase of the WL area for the compound above that of elemental Au. This was performed in a three-stage procedure, with standard Daresbury routines: ͑i͒ The Au L 3 spectra of the compound and elemental Au were normalized to unity at 60 eV above the edge; ͑ii͒ the two spectra were shifted up to a coincidence of E 0 ; ͑iii͒ the elemental spectrum was subtracted from that of the compound. Figure 2 illustrates the difference spectrum obtained for AuIn. The next step was to calculate the excess WL area characteristic of the compound, by integrating the difference spectrum in a range between its substantial increase below the WL peak and the first zero crossing. In cases where a XANES structure-induced oscillation was interposed before the first node, the integration was ended at the minimum between it and the WL. This is exemplified in Fig. 2 , where the limits of integration are indicated by vertical lines. The low-energy tail of the WL was somewhat arbitrarily left outside the integration range. However, including it or not into the calculation did not modify the WL area beyond the experimental errors, estimated from differences between various sets of data taken for the same sample.
In order to correlate the Au L 3 WL area with the local composition Au 1Ϫy X y around the Au atoms, the nearestneighbor coordination of Au was calculated from available data on cell symmetry, atom sites, and their occupancies. 13 In the Au-Ga system, AuGa has a MnP-type orthorhombic structure, with each Au atom surrounded by six Ga neighbors, in the corners of a distorted octahedron, and four Au neighbors placed in octahedral interstices. This gives a concentration yϭ0.60 ͑6/10͒ of Ga in the NN shell of Au. AuGa 2 , with a cubic CaF 2 structure, has Au entirely surrounded by Ga ͑eight NN͒, which corresponds to yϭ1. Of the Au-Sn alloys investigated, AuSn has a NiAs-type hexagonal lattice, with Au surrounded by two Au neighbors, along the c axis, and six Sn neighbors in an octahedral distribution (yϭ0.75͒. Au 3 Sn is an eutectic composition, decomposing at equilibrium into AuSn and hexagonal -Au 6 Sn with the atomic species randomly distributed (yϭxϭ0.14). This was confirmed by x-ray diffraction, which found for this composition a mixture of AuSn ͑60 mol. %͒ and -Au 6 Sn ͑40 mol. %͒, corresponding to a mean local concentration of 51 at. % Sn. Figure 3 shows the WL area, in eV ͑the step height normalized to unity is implicit͒, versus the concentration y for the alloys investigated. Some remarks concerning the results for the Au-Ga and Au-Sn alloys are straightforward. Using a rough calibration of 3 eV for the WL area corresponding to one transferred electron, 5 one finds for AuGa 2 about 1.1 bonding-induced holes in the Au 5d band. This is very close to the d charge transfer of 1.2 electrons, previously found for AuAl 2 . 4 The slightly smaller transfer to Ga originates in the electronegativity difference for the Au-Ga pair ͑2.4Ϫ1.6͒ lower than that for Au-Al ͑2.4Ϫ1.5͒.
1 An even smaller difference for Au-Sn ͑2.4Ϫ1.8͒ makes the WL areas for this system to be much lower than those found for Au-Ga at similar compositions.
As can be seen in Fig. 3 , the WL area increases with y for all the systems investigated, which is in qualitative agreement with WL dependence on the global concentration x, previously reported. 6, 7 This is not surprising because x and y increase similarly, without taking necessarily the same values. The increasing trend of WL area with concentration of X is preserved upon a change from the x scale to the y scale. It is only the shape of the WL dependence which is expected to change. By measuring the WL for several known local compositions in a same system, an empirical ''calibration curve'' can be established, which enables one to predict the local composition for an unknown structure. This is applied in the following to Au-In alloys.
Four Au-In compositions ͑Au 4 In, Au 7 In 3 , AuIn, and AuIn 2 ) were investigated. Au 4 In crystallizes in a hexagonal Mg structure, with the sites randomly occupied by Au and In. We have assigned a statistical population of 9.6 Au and 2.4
In in the Au NN shell, with the local In concentration being the same as the global one (yϭxϭ0.20). This is confirmed by extended x-ray-absorption fine-structure ͑EXAFS͒ determinations on Au 4 In, 14 in a range between 50 eV and 500 eV above the Au L 3 edge, yielding 8.1Ϯ0.9 Au and 2.1Ϯ0. 3 In around Au, i.e., a NN shell slightly less populated than initially assigned, but with a local In concentration of indeed yϭ0.20. In the hexagonal structure of Au 7 In 3 , the NN coordination around a mean Au atom consists of 7.1 Au and 4.6 In atoms, with yϭ0.39. For AuIn 2 , with a cubic CaF 2 structure and with Au entirely surrounded by In ͑eight NN͒, the local composition corresponds to yϭ1. As concerns AuIn, its structure has been described as a triclinic ͑pseudo-orthorhombic͒ one, 15 but the atomic positions and implicitly the local structure around Au are unknown.
As seen in Fig. 3 , the WL areas for the Au-In compounds have intermediate values between those found for Au-Ga and Au-Sn. This is an effect of the electronegativity of In ͑1.7͒, being intermediate between the electronegativities of Ga ͑1.6͒ and Sn ͑1.8͒.
It is easy to verify that the x-dependence ͑not illustrated in Fig. 3͒ of the WL area is almost linear over the whole range of Au-In compositions studied. This is not apparent for the y dependence, as results from those Au-In alloys with known local compositions ͑structures͒ around Au. A secondorder polynomial was calculated as a first approximation of A(y) and illustrated by the solid line in Fig. 3 . It enables one to anticipate a local concentration of 83 at. % In (yϭ0.83) around Au for AuIn. Further insight into the local structure is gained by comparing this value with those characteristic of other Au alloys with global 50%-50% composition: AuGa ͑MnP structure, yϭ0.60) and AuSn ͑NiAs structure, yϭ0.75). The local composition derived for AuIn best corresponds to a NiAs-like local structure around Au, with six In and two Au atoms as NN's. A confirmation comes from recent EXAFS determinations on AuIn.
14 The local Au environment was found to consist of 5.1Ϯ0.6 In and 1.7Ϯ0.3 Au neighbors, at distances of 2.83 Å and 2.88 Å, respectively, from a central Au atom. That corresponds to a defective NiAs structure, with 15% vacant sites in the Au NN shell, equally distributed over the Au and In sites. However, the local In concentration around Au is 75 at. %, the same as in a perfect NiAs structure and very close to the value derived from the WL.
The metastable compound Au 59 Ge 41 was similarly approached to extract information about the Au coordination, an undetermined detail of this structure. In the Au-Ge system no equilibrium compounds are known. However, two metastable crystalline phases were obtained by rapid quenching: 16, 17 ␥ ͑tetragonal͒ and ␤ ͑hexagonal͒. The ␥ phase was reported 17 to form between 22 and 80 at. % Ge, mostly accompanied by the ␤ phase. The latter decomposes after a few hours at room temperature, while the ␥ phase can be conserved for a long time below 130°C. Above this temperature it decomposes too, by segregating Ge. The constitution diagram 17 suggests that Au 59 Ge 41 is close to the true ␥ composition, yielding almost single ␥ phase ͑by sensitive scanning calorimetry͒. The rapidly quenched Au 59 Ge 41 alloy was shown by x-ray diffraction to be single phase, of the ␥ type. Its lattice parameters are known, 17 but no information is available about the atomic distribution within the unit cell. The WL area measured for this alloy is 1.2Ϯ0.2 eV ͑Fig. 3͒, close to that found for AuSn ͑1.1 eV͒. In view of the equal electronegativities of Ge and Sn ͑1.8͒, 1 this area suggests similar weightings (ϳ75%) of the unlike atoms ͑Ge and Sn, respectively͒ in the Au environment for the two alloys. However, some differences of the local structure between ␥-Au 59 Ge 41 and AuSn are not impossible, taking into account their different lattices. Work is in progress with the EXAFS analysis on ␥-Au 59 Ge 41 , at both Au L 3 and Ge K edges, to derive more structural information.
In summary, our results show that, besides the XANES and EXAFS oscillations, the WL range carries useful information ͑although more restricted͒ about the local environment of the absorbing atom. We have studied the WL dependence on the local composition around Au, instead of that on the global composition, as being more straightforwardly related to the Au-ligand hybridization. It is worth noting that the A(y) dependence here discussed does not contradict the A(x) dependence previously reported. 6, 7 They have similar trends and only their shapes are different, since the local and overall compositions generally track each other, without being necessarily the same. However, the dependence on the local composition enables one to estimate a local configuration around Au in cases where this knowledge is missing. The WL analysis is rather simple, being, however, conditioned by previous determinations on Au-X compounds of known structure and with the same ligands X ͑or at least of a same electronegativity͒ as in the unknown material. In a way, such compounds are similar with the standard materials in the EXAFS analysis.
Finally one must say that the above analysis was approached within a rather crude approximation, neglecting other contributions to the WL, like many-electron corrections and structure-induced oscillations. The former are quite small for atoms with nearly full band, 18 which is the case of Au discussed here. Furthermore, being essentially atomic 11 most of their contribution was removed by subtracting the elemental Au spectrum. More serious limitations are expected from neglecting the structure-induced oscillations, by multiple scattering, and further refinements of this analysis should take them into account. Their contribution to the WL range is particularly favored by the rich local configurations, specific to metals and intermetallic compounds. Very probably this is the reason for the saturation trend of WL enhancement at small y, found for the Au-In system ͑see Fig.  3͒ , instead of an expected decay to zero.
We believe, however, that further improvements of both theoretical background and data analysis could confer to the WL range a specific ability in providing local structural information, generally thought to be characteristic of XANES and EXAFS only.
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